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1. Introduction
Power headroom reporting (PHR) is used in LTE to provide the serving eNB with information for UL power control. In this paper, we discuss the content and format of the PHR in NR.
2. Discussion
2.1. PHR content

In LTE, PH is obtained and reported per cell. R10 supports up to five component carriers to be configured. In R13, extended PHR MAC CE supporting 32 serving cell with configured uplink is specified. In NR, we propose in [1] that the beam specific PH reporting should be supported. PHR MAC CE can include PH for all the configured/activated UL serving beam(s) and the corresponding beam identifier(s). If per beam PHR reporting is supported in NR, the PHR MAC CE should be further extended and a large-size PHR MAC CE is expected.
On the other hand, it is unnecessary to report PHs of all active cells/beams of the UE, since UE is not likely to be scheduled on all activated cells/beams. Some cells, particularly some beams are configured as a backup for the UE. Therefore, we propose that PHs of some activated serving cells and beams should not be included in the PHR. We think the scheduling efficiency will be slight impacted, compared with resource saving due to short PHR MAC CE.
There are three alternatives to determine which cells/beams should be dropped:
Option 1: PHs of cells/beams with high signal receiving power/quality can be included in the PHR.

Cells/beams with high signal receiving power/quality might refer to the cells/beams with signal receiving power/quality higher than a configured threshold, or N cells/beams with highest signal receiving power/quality among all activated cells/beams. To increase the resource efficiency, the coding rate should be maximized for a given error rate. However, the coding rate is inversely proportional to the channel quality between the gNB and the UE. Therefore, to ensure high resource utilization efficiency, the gNB is likely to schedule the UE on cells/beams with relatively high channel quality. 
Option 2: PHs of cell groups can be included in the PHR.

UE could report PHs of the cell groups, instead of PHs of cells. The PH of a cell groups can be the PH of the SPCell, the PH of the cell with highest receiving power within the cell group, or the PH of the beam with highest receiving power within the cell group. Cells can be grouped according to some specific criteria and therefore, the most applicable cells/beams for data transmission in each category can be identified and the PH of these cells/beams can be included in the PHR for uplink scheduling.
Proposal 1: PHs of some activated serving cells and beams should not be reported in the PHR.
In LTE, two types of PH are defined in CA – one consider only PUSCH transmit power, and the other considers both PUSCH and PUCCH transmit power. The former is called Type 2 PH and the latter is called Type 2 PH. Type 1 PH is calculated to indicate the difference between the maximum CC output power and the estimated PUSCH transmit power on the CC, whilst Type 2 PH is calculated to indicate the difference between the maximum CC output power and the estimated PUSCH + PUCCH transmit power on the CC. In NR, PUSCH + PUCCH transmission is allowed at least on the PCell. Therefore, Type 2 PH should be supported in NR.
Proposal 2: Both Type 1 and Type 2 PHs are supported in NR.

2.2. PHR format

In LTE, PHR MAC CE for non-CA cased is fixed and consists of a single octet. In NR, fixed length PHR MAC CE should be reused with possible different power headroom levels.

For the CA/DC case in LTE, the PHR MAC CE is formulated with bitmap to indicate the presence of a PH filed for the SCell. In NR, the extended PHR format can be reused for single beam operation. 
For multi-beam operation in NR, the PHR MAC CE format should be studied to see if it is enough to just simply extend the PHR format for the single beam operation.

Proposal 3: PHR formats in LTE are reused as a baseline for NR.  
3. Conclusion
In this contribution, we discuss the content and format of PHR in NR, and we have the following proposals:
Proposal 1: PHs of some activated serving cells and beams should not be reported in the PHR.
Proposal 2: Both Type 1 and Type 2 PHs are supported in NR.

Proposal 3: PHR formats in LTE are reused as a baseline for NR.  
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